Several reviews have been published on sesquiterpenes, and on drimane-type sesquiterpenes, going through drimenol and related compounds among others. However, to our knowledge, this is the first review exclusively on drimenol. Although, the main focus is on drimenol as a synthon for other drimane-type compounds, synthetic routes to obtain racemic and (-)-drimenol are summarized, as well as its isolation and determination of its configuration, in the early fifties. The reviewed synthetic routes start from natural (-)-drimenol as chiral synthon in most of cases, nevertheless total syntheses are considered as well. The strategies where racemic drimenol is involved begin with biomimetic cyclization of trans-farnesol. Microbiological procedures to functionalize the A ring of drimenol are also commented. The revision is classified according to the chemical structure of the final product, which mainly correspond to structures of natural occurrence, although other related derivatives are also analyzed.
Introduction
Drimane sesquiterpenes constitute an important group of natural compounds [1, 2] , with a great variety of biological activities [1b]. One of the most abundant is the alcohol (-)-drimenol (1), which was first isolated in 1948 from the bark of Drimys Winteri Forst (common name Canelo) [3a] . Its absolute configuration was determined by Appel et al. [3b] ; and has been shown to possess some biological activity in plant-growth regulation [4] . It is worth noting that (-)-drimenol can be isolated in a 13% yield, from the light petroleum extract of the bark of the tree. Its abundance makes of (-)-drimenol an important chiral synthon for other compounds with trans AB ring fusion. 
Due to limited amounts available from natural sources, drimane-type sesquiterpenes have always been attractive targets for organic synthesis [1, 2] .
As noted before, drimenol is a very important representative of drimane-sesquiterpenoids, being repeatedly used as starting material in the synthesis of a number of natural drimanes and related compounds [1, 2] .
The type of synthetic strategies used to approach (-)-drimenol, could be classified either as enantiospecific transformation of natural products or total synthesis of the racemic mixture which is resolved by optical derivatization or enzymatic resolution.
Synthesis of (-)-drimenol by enantioespecific transformation of natural products.
Strategies of synthesis starting from natural products have considered the use of readily available diterpenoids resembling drimanes closely in structure.
The labdane type diol (-)-sclareol (2) , isolated from the flower heads of Salvia sclarea, has been extensively used as starting material for (-)-drimenol [5, 6] . The oxidation of (-)-sclareol with osmium tetroxide-sodium periodate leads to acetoxy aldehyde (3) in 73% yield, which in five simple steps can be transformed into (-)-drimenol from its acetate (4) ( Figure 2) [5].
Another efficient route towards 1 from (-)-sclareol has been reported through the regioselective dehydration of diol 5, the drimane precursor being the iodoester obtained in a three step sequence from 2 (Figure 3) [6]. Labdane diterpene larixol (6), which can be easily isolated from the oleoresin of larix turpentine (Larix decidua), commonly known as European larch, is another starting compound that has been used for the enantioselective synthesis of (-)-drimenol (1).
The methodology developed for sclareol (2) has been successfully applied in the case of larixol [7] (Figure 4 ). Figure 4 : Reagent: a) oxone, CHCl3, acetone, H2O, NaHCO3, 18-crown-6, 0-3ºC, 81%; b) LiAlH4, THF, rt, 94%; c) i.Ac2O, Py, rt, 99%; ii. OsO4-NaIO4, THF, H20, 45ºC, 84%; d) TBDMSCl, NaH, THF, rt, 96%; e) O3, CH2Cl2-MeOH, -78ºC, Me2S, rt, 78%; f) collidine, 200ºC, 77%; g) NaBH4, EtOH, 0ºC, rt, 89%.
The semisynthesis of (-)-drimenol has also, been achieved from (+)-ambreinolide (7) [8] , obtained, in turn, from manool [9, 10] . Treatment of 7 with DDQ, followed by exhaustive ozonolysis and reduction with sodium bis (2-methoxyethoxy) aluminum hydride in benzene, gave (+)-drimane-8,11-diol (5). The racemic (±)-drimane-8,11diol has frequently been used as the starting material for the synthesis of (±)-drimenol [11] . Following the same sequence of previously described reactions, (-)-drimenol was obtained from (+)-drimane-8,11-diol ( Figure 5 ). Previously, (-)-drimenol had been prepared by Wenkert et al. [12] , from diol 8, which was obtained as a reduction product of drimenin. Drimenin has been isolated, together with drimenol, from the stem barks of Drimys species [3].
Nevertheless, Wenkert et al. [12] have described a route, starting from the anhydride of drimic acid, prepared from derivatives of abietic and podocarpic acid, to obtain drimenin. The lithium aluminium hydride reduction product of drimenin, diol 8, was treated, after acetylation, with lithium-ammonia, followed by alkaline hydrolysis, to produce drimenol (1) ( Figure 6 ). . The synthesis of (-)-drimenol (1) has been accomplished using this strategy. Dehydration of hispanolone, followed by selective reduction of the conjugated olefinic double bond and then exhaustive ozonolysis, continuing with alkaline hydrogen peroxide treatment, gave the 11-dihomodrimane derivative 9 in 82% yield. Reduction of 9 with sodium borohydride led to the mixture of the corresponding epimeric secondary alcohols, which on treatment with Barton's method followed by dehydrogenation led to the epimeric oxazolines 10. Ozonolysis of 10, followed by Jones' oxidation afforded 7-oxodriman-11-oic acid. The
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More recently [14] , commercially available norambreinolide (12) , has provided a simple and efficient route towards (-)-drimenol. Norambreinolide (12) afforded 8-hydroxy-11-bishomodriman-12-one (13) in a high yield, further peroxide oxidation gave drimane-8,11-diol-11-monoacetate (14) [14] . Dehydration of (14), followed by acetate alkaline hydrolysis gave (-)-drimenol in a mixture of all three possible dehydration products. A more efficient alternative has proven to be the treatment of monoacetate (14) with ethanolic solution of H 2 SO 4 , under mild conditions, which induces dehydration accompanied by deacetylation to give a mixture of drimenol and albicanol. Further recrystallization of this mixture gave pure (-)-drimenol (yield 52.8%) ( Figure 8 ). (42:42:16) ; 10% e) H2SO4 in EtOH, 20ºC, 18h, (10:1), 30%.
Biomimetic synthesis of (±)-drimenol and further resolution.
Several research groups [15] [16] [17] have prepared (-)-drimenol making use of the excellent biomimetic synthesis of racemic drimenol from trans,trans-farnesol [18] . Acidcatalyzed cyclization of 2,3-trans (15) and 2,3-cis farnesol (16) proceeds regioselectively and stereospecifically, to yield drimenol and epi-drimenol, respectively ( Figure 9 ). Further optical resolution by preparation of the diasteromeric camphanoates afforded (-)-drimenol. Racemic drimenol reacted with (-)-camphanoyl chloride in pyridine, work-up followed by LC (SiO 2 and Florisil®) separation, and further treatment with methanolic barium hydroxide, afforded (-) and (+)-drimenol resolved through optical derivatization [17] .
OH OH
A previous attempted synthesis of (-)-drimenol via asymmetric induction, was reported [19] . Racemic farnesic acid was prepared from dihydro--ionone in 2 steps. Then, esterification with (R)-(+)-1,1'-bi-2-naphthol, followed by cyclization with stannic chloride led to optically active 17. 
Total synthesis of (-)-drimenol based on enzymatic resolution.
Enantioselective acetylation of (±)-albicanol (18) with isopropenyl acetate by using lipase 'PL-266', from Alcaligenes sp. gave the enantiomerically pure (+)albicanyl acetate (19) and (-)-albicanol. Further sequence of reactions allowed Akita et al. [20] to prepare (-)-drimenol among other natural occurring drimane sesquiterpenes. In a racemic synthesis the same researchers prepared (±)-drimenol [20] . Thus, Jones oxidation of -hydroxy ester (±)-20 [21] gave -ketoester (±)-21 in 96% yield.
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Wittig reaction of 21 provided an epimeric mixture 22:1 of (±)-22 and (±)-23 in 98% yield. Reduction with LiAlH 4 followed by chromatographic purification afforded after recrystallization pure (±)-albicanol (18) in 87% overall yield. Conversion of (±)-18 into (±)-drimenol (1) was carried out using BF 3 . Et 2 O in 93% yield ( Figure 11 ).
Enzymatic acetylation of (±)-18 afforded, in the presence of isopropenyl acetate, (+)-19 (56%, 67% ee) and (-)-18 (38%, >99% ee). Optically active (+)-19 possessing 67% ee was reduced with LiAlH 4 to give (+)-18. Finally, the enantiomerically pure (-)-drimenol (1) was obtained in 90% yield by treatment of (+)-18 with BF 3 . Et 2 O ( Figure 12 ).
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Introduction
As mentioned before, the drimane sesquiterpene (-)-drimenol (1) has been extensively used for the synthesis of other compounds, mainly drimane type natural products, as well as cyclic ethers and acetals related with the prized odoriferous ambergris, and other miscellaneous applications towards natural and synthetic compounds bearing trans AB ring fusion. The sesquiterpene ketone drim-8-en-7-one (25) was prepared from (-)-drimenol (1), through the mixture of epoxides of drimenyl acetate (26), followed by oxidation, base catalyzed isomerization and reduction to diol 28. Acetylation and oxidation with Jones' reagent yielded keto-ester 29, which on hydrogenolysis led to 25 ( Figure 14) [22b]. Taking profit of the above-mentioned formation of the  and  epoxides 26, triol 32 was obtained via oxirane ring opening [23] . Thus, when the  epoxide 26a was treated with aqueous acetic acid, trans-diaxial opening occurred, affording diol 30 although in low yield. Similar treatment of the  epoxide 26b gave diol 30 and its diacetate 31 as major products. (Figure 15 ). 
Drimenol as natural chiral synthon for other drimane terpenoids.

Figure 15
Triol 32 is a metabolite of Fomes annosus, fungus considered one of the most destructive forest pathogens, causing root rot and heart rot of living trees.
The first synthesis of (-)-uvidin C isolated from Lactarius uvidis Fries, from (-)-drimenol was described by Cortes et al. [24] . According to a previous described procedure [25], acetylation and dihydroxylation of (-)-drimenol led to diol 30b, with an overall yield of 56%. Oxidation of 30b with N-bromosuccinimide in dichloromethane afforded 33 in 70% yield. Saponification of 33 (KOH, MeOH), followed by treatment of the resulting diol with tosyl hydrazide, gave 34 in 87% yield. Tosyl hydrazone 34 was converted, with BuLi, to allylic alcohol 35 in a 91% yield. Acetylation of 35 and subsequent oxidative rearrangement gave enone 36, in 69% yield. Reduction of 36 afforded the Natural Product Communications Vol. 6 (4) 2011 481 allylic alcohol 37, in 98% yield. Finally, the synthesis of (-)-uvidin C (38) was achieved by treatment of 37 with m-chloroperbenzoic acid ( Figure 16 ). The petroleum biomarker 8(H)-drimane (39) has been easily obtained from (-) -drimenol (1) [26] . Drimenyl mesylate was reduced with LiAlH 4 , to obtain hydrocarbon 40, which in turn was treated with BH 3 /H 2 O 2 , followed by Jones' oxidation to give ketone 41. Transformation of 41 into 8(H)-drimane (39) using straightforward transformations allowed the establishment of the stereochemistry of 39 ( Figure 17 ). The natural nor-drimane (+)-isopolygonal (42), isolated from Poligonum hidropiper, has been synthesized from (-)-drimenol [27] as follows. Oxidation of (-)-drimenol with CrO 3 in dry pyridine gave a mixture of aldehyde 43 (30%), enone 44 (20%) and acid 45 (12%). Reduction of enone 44 with LiAlH 4 afforded epimeric alcohols 46 and 47 in 77% and 5% yields, respectively. Acetylation of 46 gave a 97% yield of acetate 48. Allylic oxidation of 48 with catalytic amounts of SeO 2 afforded aldehyde 49 in a 50% yield. Finally, saponification of the acetate 49 gave (+)-isopolygonal (42) in 95% yield ( Figure 18 ).
The sesquiterpene dialdehyde (-)-polygodial (50), isolated from Drimys winteri together with drimenol; and also exhibiting an important number of biological activities, has been synthesized as well, from (-)-drimenol [28].
The first partial synthesis of (-)-polygodial [28a] was achieved by oxidation of (-)-drimenol with pyridinium chlorochromate to give drimenal (43) . The aldehyde group of 43 was protected with trimethylene glycol to yield a ketoacetal (51) , which was oxidized with SeO 2 , according to Ogura's method [29] , to obtain aldehyde 52, in 45% yield. Finally, deprotection of 52, afforded (-)-polygodial in 30% overall yield (Figure19). 482 Natural Product Communications Vol. 6 (4) 2011
Cortes et al. [30] reported the synthesis of (-)ugandensidial, from diol 37, which in turn was prepared from (-)-drimenol [24] . Acetylation of 37 gave diacetate 58, in 75 % yield. Allylic oxidation of 58 was achieved, according to Ogura's method [29] , to obtain dialcohol 59, in 46% yield. Partial saponification of 59 gave triol 60 in almost quantitative yield. Oxidation of 60 afforded (-)-ugandensidial (56), in 77% yield. This semisynthetic approach starting from (-)-drimenol was performed in twelve steps with an overall yield of 10% ( Figure 21 ). After the report by Ley et al. [32] of the direct conversion of (±)-drim-7-ene-9,11,12-triol (61) to (±)-warburganal (57), Cortes et al. [31] prepared chiral triol 61 from (-)-drimenol (1), which supposed a formal synthesis of warburganal (57) . Acetylation of natural 1, afforded drimenyl acetate (4), in 97% yield. Stereoselective oxidation of 4, with selenium dioxide, gave (-)-drim-7-ene-11-acetoxy-9,12-diol (53), in 45% yield. Saponification of 53 afforded triol 61.The overall yield to (-)-61 from (-)-drimenol was 43% ( Figure 22 ). A semisynthesis of the drimane sesquiterpene 62 was achieved from (-)-drimenol [33] . Wada and co-workers had isolated 62 from Aspergillus oryzae [34] and its structure was assigned on the basis of a racemic total synthesis [35] . Chiral ketone 33, obtained previously by
Cortes et al. [24] , from (-)-drimenol, allowed the establishment of the absolute configuration of 62, by comparison of the specific rotation of the synthetic and natural sesquiterpene ( Figure 23 ).
Lately, interest has grown for nitrogenated drimane derivatives in the search of compounds with antifungal activity. Thus Zárraga et.al decided to attempt the synthesis of a new nitrogenated derivative starting from (-)-drimenol [36] , and found that by binding functional groups at C-11, the antifungal activity increased.
Oxidation of (-)-drimenol 1 with PCC gave drimenal 43, treatment of 43 with hydroxylamine in ethanol afforded a mixture of oximes (Z and E isomers) (63), which after reduction led to amine 64, in 80%. Sodium cyanamide reacted with 64 to give 11-guanidinodrimene (65) ( Figure 24 ). Vlad et al. [37] prepared 11-aminodrim-7-ene (64) from drimenol in four steps, in an attempt to improve the previous reported synthesis [36] , although (-)-drimenol in this case was synthesized as described before [14] . Synthetic (-)-drimenol was transformed in drimenal oxime 63, exactly by the same procedure reported before [36] . Oxime 63 was then transformed into nitrile 66, which was refluxed with LiAlH 4 to provide 64 in 50% yield ( Figure 25 ). 
Drimenol as natural chiral synthon for ambergris related compounds.
Ambergris, a metabolite formed in the intestinal tract of the spermwhale (Physeter macrocephalus L.), has long been prized by perfumers for its unique fragrance properties and fixative powers [38] . Due to almost extermination of spermwhales by over fishing, the search
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for synthetic compounds related to ambergris, which could be used as substitutes, has been of permanent interest.
Cyclic ether 67, is the most important synthetic equivalent of ambergris, and receives the name ambrox® (trade name of Firmenich) [39] . Cortés et al. have developed diverse synthetic routes to ambrox (67), 9-epiambrox (68) and related compounds with ambergris-like odors.
[25, 42, 46, 47] (Figure 26 ).
67
O O
68
Figure 26
Acetal 70, with a strong ambergris-like odor [40] was prepared from (-)-drimenol [25a] , via drimenyl acetate (4), which following Van Rheenen procedure [41] was transformed into diol 30b in a / mixture, ratio 4:1 [23, 41] . After separation from the  diasteromer, 30b was oxidized with thioanisol chlorine to obtain ketone 33, which after saponification furnished diol 69 quantitatively. Treatment of diol 69 with dimethoxymethane and sulfuric acid afforded the expected 1,3-dioxan 70. This product was also prepared using another route starting with diol 30b, which by saponification gave triol 71, which was treated with dichloromethane and concentrated aqueous sodium hydroxide in the presence of a phase-transfer catalyst to afford acetal 72. Oxidation of 72 with Collins reagent achieved ketone 73, which upon Huang-Minlon reduction [43] gave acetal 70 in an 84.5% yield. Acetal 70 was previously prepared from (+)-8α,11dihydroxydrimane (5) by reaction with dimethoxymethane and sulfuric acid (last step in Cambie´s synthesis [40b]). Although, diol 5 can be alternatively prepared in only five steps from 1, this method is unattractive since the synthesis of 5 was achieved with only 6,6% overall yield ( Figure 27) .
Lately, the oxidation of 72 into 73 was found to proceed with better yields using the Swern reagent [25b].
In a later work, Cortes et al.
[25b] described the synthesis of acetal 74, an epimer of 70, through the epoxide of drimenyl acetate (26b). Thus, reduction of 26b led to diol 5b, which after treatment with dimethoxymethane and sulfuric acid afforded 74 in an 85% yield. The overall yield is of 42% from drimenol (1) ( Figure 28 ). An alternative synthesis for chiral ambrox® (67) and some related compounds has been reported from drimenol (1) [42] . It is important to note that this was the first report of the synthesis of 7α-hydroxy and 7-oxo-ambrox. The synthesis started with oxidation of drimenol with pyridinium chlorochromate in dichloromethane to give aldehyde 43 in a 72% yield. This compound was condensed with (methoxymethyl) triphenyl phosphonium chloride to afford enol ether 75 in a 59% yield (mixture of Z and E isomers). Hydrolysis of 75 and subsequent reduction of aldehyde 76 afforded alcohol 77 (82% from 75). Acetylation of 77, followed by osmylation [41] , gave a 96% yield of diols 78a and 78b (1/3 mixture). This mixture was separated by silica gel chromatography. Saponification of diol 78a furnished triol 79 almost quantitavely. Transformation of 79 into 80 was carried with equimolecular amounts of mesyl choride in pyridine. Under these experimental conditions, the monomesylate could not be isolated and the cyclization occurred spontaneously to give a 95% of the tetrahydropyran 484 Natural Product Communications Vol. 6 (4) 2011
derivative 80. Oxidation of 80 gave the corresponding ketone 81 in a 98% yield. Finally Huang-Minlon reduction [43] of 81 afforded ambrox 67 in a 90% yield. The overall yield of ambrox® in this synthesis from (-)-drimenol (1) was 19% ( Figure 29 ).
The synthesis of ambraoxide 82 (Homofixateur, ambraoxide) has also been reported [39, 44] from the acetate derivatives of sclareol and epi-sclareol as starting materials, using a degradation procedure [45] . Since ambraoxide 82 possesses strong odoriferous properties, alternative synthetic routes have been of interest. Thus, a sequence from drimenol was reported as the first synthesis of 82 from a sesquiterpene [46] . Diol acetate 30b was prepared from drimenol (1) in a 57% yield, according to a previously described method [25]; and was protected by treatment with acetone-anhydrous copper sulfate to give acetonide 83 (90% yield). Saponification of 83, to give the corresponding alcohol; and subsequent oxidation with pyridinium chlorochromate afforded aldehyde 84 (overall yield from acetonide 81%). Treatment of this aldehyde with dimethylphosphonoacetate and sodium methoxide afforded 85 as an equimolecular mixture of Z and E isomers in a 94% yield. This mixture was hydrogenated over Pd-C to give ester 86 quantitatively. Under acidic conditions the protective group was removed and simultaneous cyclization occurred to give lactone 87 in an 80% yield. Reduction with lithium aluminium hydride followed by cyclodehydration of the resulting triol 88 with toluenesufonyl chloride in pyridine afforded ether 89 (72% yield). Oxidation of 89 and reduction of the corresponding ketone 90, under previously reported conditions, gave ambraoxide 82 in a 90% yield ( Figure 30 ).
In 1996, a formal synthesis of ambrox® (67) and 9-epiambrox (68) was described [47] . This route involves an alternative access to the diasteroisomeric bicyclic diols 91a and 91b, through nitrile 92. Compounds 91a and 91b are the direct precursors of 67 and 68 respectively [48]. Drimenol (1) was treated with mesyl chloride in pyridine to give mesylate 93 in a 90 % yield. The mesyl group was replaced by a nitrile by treatment of 93 with NaCN under phase transfer catalysis [49] . Nitrile (92) was obtained in 60 % yield. Hydrolysis of 92 under Huang-Minlon conditions gave the acid 94, in 84% yield. Lactonization of compound 94 with p-toluensulfonic acid, in chloroform, gave 8-epi-12-norambreinolide (95) in 75% yield. Reduction of lactone 95 with lithium aluminium hydride afforded diol 91a in 86% yield. Lactone 96, 9-epi-12norambreinolide, was obtained by treatment of nitrile 92 with HCl under reflux. Reduction of 96 afforded diol 91b. According to Büchi and Wuest [48] , refluxing racemic (91) in nitromethane in the presence of p-toluensulfonic acid gave the kinetic cyclization product Ambrox® in excess respect to 9-epi-ambrox ( Figure 31 
Biomimetic total synthesis of drimane terpenoids through drimenol as intermediate.
Recently, a short total synthesis of racemic albicanol ((±)-18), isolated from the liverworts Diplophyllum albicans, starting from commercially available trans, trans farnesol has been described [50] . Enantiopure (+)-18 was prepared following a similar sequence starting from natural (-)-drimenol (1).
Cyclization of trans,trans farnesol (15), according to previously described procedure [18] , led to (±)-drimenol (1). The key step of the synthesis was the selenocatalytic allylic chlorination of drimenyl acetate (4), which gave an inseparable mixture of two chlorinated epimers (97a and 97b). Reduction of the epimeric mixture conducted to albicanyl acetate ((±)-19) while the -chlorinated epimer ((±)-97b) remained unaltered. Treatment of this mixture with methanolic K 2 CO 3 afforded (±)-18 and (±)-98, which were isolated. Starting from natural (-)-drimenol (1), (+)-albicanol (18) was also prepared following the same sequence ( Figure 32 ). 
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Miscellaneous
Natural or synthetic drimenol has been used as synthon or intermediate for drimane-type compounds which could not be classified in the previous groups reviewed.
Such is the case of merosesquiterpenoids 99, 104 and 105 synthesized from natural (-)-drimenol [15, [51] [52] [53] . Natural puupehedione (99a) was isolated from a sponge of the order Verongida [52] . It has been reported that its nonnatural epimer 8-epipuupehedione (99b) shows a stronger cytotoxic activity. An efficient stereoselective synthesis of cytotoxic 99b [51] , involves nucleophilic addition of the organolithium derived from (100), which was prepared in high yield from 3,4-dimethoxybenzaldehyde, to 43. Deprotection of the silyl ether, afforded 101/102 in a ratio of 3:1. Acid-mediated cyclization of the mixture gave 103a and 103b (1:3). Simultaneous demethylation and oxidation [53] of the epimeric dihydrobenzopyrans 103a and 103b led to o-quinones 99a and 99b (1:3). An alternative procedure by direct treatment of the condensation product with acid, without previous deprotection of the tert-butyldimethylsilyl ether, allowed the preparation of the epimeric o-quinones 99a and 99b in a ratio 1:8, after treatment with AgO-HNO 3 (Figure 33 ).
Arjona et al. [15] described the synthesis of both enantiomers of methylendioxy derivatives of puupehenol (104) (precursor of puupehenone 99a) and 15-oxopuupehenol (105). The synthesis involved cyclization of E,E-farnesol towards racemic drimenol [18] , and optical resolution of (+) and (-)-drimenol [17] , as previously described. After a nine steps sequence, and following a similar strategy to that depicted in Figure 33 , 104 was obtained, through nucleophilic addition of methylendioxy bromosesamol to drimenal (43) , and cyclization mediated by camphorsulfonic acid. To obtain 105 ten steps were required, through the same route and final benzylic oxidation of 104 with PDC ( Figure 34 ). An interesting synthesis of 15-oxopuupehenol [6a], through (-)-drimenol as an intermediate, also involves nucleophilic addition of a sesamol derivative to drimenal (43) . In this case new cyclization reagents were assayed, and it was found that PdCl 2 and catalytic Pd(OAc) 2 provided the most satisfactory results inducing cyclization with complete diasteroselectivity (Figure 35 ). A frequent target for organic synthesis has been forskolin (106) (Figure 36) , an important representative of labdanetype diterpenes. This compound is a potent inhibitor of adenylcyclase, isolated from Coleus forskohlii [54] .
The complexity of forskolin structure has also stimulated the search for less hydroxylated compounds that could be biologically active. Thus an attempt to prepare the labdanic diketone 107 (Figure 36 ) has been recently reported by Vlad et al. [55] , under the hypothesis that -diketones could present cytostatic activity. As previously described [14] , commercially available sclareolide 12 can be transformed in drimenol (1), which after asymmetric dihydroxylation afforded the corresponding  and  triols (71a and 71b). The route continued with the appropriate protection of the cis hydroxyl groups on triol 71a, followed by Swern oxidation to give 84. Aldehyde 84 was subjected to Luche reaction [56] to provide 108 as an epimeric mixture, the epimer 108a was oxidized to 109. Acetonide 109 should be the direct precursor of 107 or its cyclization product 112, after the removal of the isopropylidene group, however the resulting compounds after hydrochloric acid treatment were the novel chlorinated norlabdanes 110 and 111 (Figure 36 ). Synthetic approaches to forskolin B ring from natural (-)-drimenol have been also reported [57] . Allylic oxidation of drimenyl acetate (4) with SeO 2 (catalytic) and bis-(4-methoxyphenyl) selenoxide [29] as co-oxidant gave a mixture of compounds 113 (64.6% yield), 54 (2.5%) and 53 (4%) which were separated by column chromatography. Saponification of 113 and subsequent treatment of 114 with phosgene-pyridine afforded the 9,11-carbonate 115 in 96 % yield. Reaction of 115 with chromium trioxide/3,5dimethylpyrazole complex [58] gave the unsaturated ketone 116 in a 45 % yield, based on recovered starting material. Treatment of 116 with sodium borohydride in methanol afforded as major product the alcohol 117 in a 40 % yield and a minor product, alcohol 118, in 25 % yield. Better results were obtained by reduction of 116 with zinc borohydride [59] , to give the desired β alcohol 117 in a 90% yield. Formation of acetate 119 and oxidation of the double bond with osmium tetroxide gave the α cis diol 120 in a 95% yield. Inversion of configuration at C-7 was achieved by oxidation of the monoacetate 120 with oxalyl chloride-DMSO [60] to afford ketone 121 in a 90% yield. Reduction of 121 with zinc borohydride gave diol 122 in a 90% yield ( Figure 37 ). Akita et al. previously reported the total synthesis of (-)-drimenol based on enzymatic resolution [20] , and in the same report, homodrimenol 124 was described as derived from drimenol. Starting from 124, Akita et al. [61] carried out the first synthesis of (+)--polypodatetraene. The elongation of the carbon chain from the primary alcohol group of 124 was achieved by bromination and subsequent Drimenol: A versatile synthon Natural Product Communications Vol. 6 (4) 2011 487 treatment with NaCN to provide the corresponding nitrile. Reduction with DIBAL-H of the nitrile led to the corresponding aldehyde, which was treated with (carbethoxyethylidene) triphenylphosphorane to obtain selectively the expected E ester. The ester was reduced and the resulting allyl alcohol was subjected to bromination, and further treatment with sodium benzene sulfinate gave sulfone 125. Sulfone 125 was treated with LDA and transgeranyl bromide to furnish 126. Reductive elimination of 126 gave synthetic (+)-123, which was consistent with the natural 123. Thus the absolute configuration of natural 123 was proved to be 5S, 9S, and 10S. (Figure 38) 3.6. Drimenol in microbiological hydroxylations. Microbiological hydroxylations have been frequently employed to achieve the selective functionalization of inactivated saturated carbon atoms, a difficult challenge using chemical methods. Much attention has been paid to the synthesis of hydroxylated drimanic compounds, due to their wide range of biological activities and possible industrial applications. Some of these natural products have, among other properties, highly antifeedant activity to some insect species and are biodegradable molecules which do not accumulate in the environment [62] . Studies of regio and stereoselective microbial transformation of drimenol and particularly of drimenyl acetate have been reported [63] , in an attempt to obtain A-ring oxygenated analogues. The bioconversion of (-)-drimenol (1) and drimenyl acetate (4) into the corresponding 3β-hydroxydrimanes by Aspergillus niger was investigated [63] . Initial hydroxylation of 1 gave an impure, more polar metabolite (127), in a 2% yield, which was characterized by conversion to diacetate 128. Therefore, drimenyl acetate was incubated with A. niger for 6 days, the main product obtained was isolated and identified as 129. Spectroscopic analyses gave evidence for β-hydroxylation at C-3. It is noteworthy that the regioselectivity at C-3 was similar to that observed with various kinds of sesquiterpenes [64] (Figure 39 ).
These preliminary results suggested that limited biomass production in Aspergillus niger cultures, as well as low solubility of 1, could be at least partially responsible for the very low transformation yields obtained. Previous reports also shown that addition of an anionic polymer to the medium significantly enhanced both, the growth rate and total biomass of A. niger. Indeed, after addition of Carbopol 934 (0.5 % w/v final concentration), the biomass doubled, and the fungal morphology changed from globes pellets to filamentous (biochemically more active cells), which resulted in an increase (18%) in the hydroxylation of 4.
Evidence of the influence of -cyclodextrines on the bioconversion medium is known. Therefore, the additive was added as a substrate-cyclodextrin inclusion complex (drimenyl acetate to β-cyclodextrin; 1:1 w/w). Thus, after 48 h of incubation, under these conditions, hydroxylation yields dramatically increased, reaching 33% conversion of the starting material. These results suggest that β-cyclodextrin would effectively enhance solubility of drimanes in aqueous medium, probably with no effects on membrane permeability.
Aranda et al. [65] investigated the incubation in standard conditions [64c] of several compounds of the drimane series with microorganisms such as Rhizopus arrhizus or Mucor plumbeus, which generally provide derivatives hydroxylated in various positions. Incubation of drimenol (1) with M. plumbeus provided three compounds: 130 as minor compound (isolated in a 3% yield), compound 127 (isolated in a 7% yield) corresponding with the previously described 3β-hydroxy drimenol [63] , and, finally, compound 131 as the major compound (isolated in a 50% yield). The 13 C-NMR spectra of 131 confirmed the presence of a new hydroxyl group at the C-6 position. However, when drimenol was incubated during 29 hours with R. arrhizus in the usual conditions [63c], only 3β-hydroxy drimenol (127) was isolated (60% yield) ( Figure 40 ). Hydroxylation at the 1 position is a distinctive characteristic of several natural bioactive terpenic compounds, such as forskolin (106) a potent inhibitor of adenylcyclase, mentioned before. Aranda et al. [61] described that a simple reaction sequence can result, in few steps, in the preparation of 1α-hydroxylated compounds in good yields starting from 3β-hydroxy derivatives. The hemisynthesis of 1α-hydroxy drimenol involves the use of acetonide 83 previously reported [46] , to protect and then regenerate, when appropriate, the 7,8-double bond.
The bioconversion of drimenol derivative 83 into the corresponding 3β-hydroxylated compound was performed according to the previously described method [64] . Near quantitative yields were reproducibly obtained with the 7α,8α-dihydroxy acetonide 83. From the 3β-hydroxy-7,8acetonide (132), a chemical strategy was developed for a subsequent hydroxyl transfer to the 1α-postion, and further regeneration of the 7,8-double bond (Figure 41 ). 3β-Hydroxy-7,8-acetonide (132) was 2,3-dehydratated (133) and then oxidized with SeO 2 to afford the 1α-hydroxy isopropilidenedioxymonoacetate 134a. By partial acetyl transfer from the primary 11-position to the 1α-position, 134b was formed. The mixture of 1α-and 11-mono-acetylated-2,3-unsaturated compounds was fully acetylated (134c), and then hydrogenated to give 135b. Deprotection of the isopropylidene afforded diol 136, which was submitted to known methods for the regeneration of the 7,8-unsaturation. Starting from derivate 137 and heating in acetic anhydride, the 7,8-unsaturated diacetate 138 was produced, which was then subjected to quantitative hydrolysis to give 1α-hydroxy drimenol 139 in an overall 34 % yield (calculated from 132).
Conclusions
Drimenol was first isolated from the bark of the Chilean Drimys winteri in 1948, since then it has been repeatedly used as chiral synthon for a great number of drimane-type compounds. The great advantage of drimenol structure is the trans fusion of A and B rings. Thus, it is a prized starting material for trans decalines of natural occurrence. More than 60 papers, have been reviewed, about half of them related with the synthesis of drimane-type biological active compounds.
Among these natural occurring sesquiterpenes, the most remarkable because of their activity are the dialdehydes (-)-polygodial, (-)-ugandensidial and (-)-warburganal, which have shown important antifeedant activity. They have been isolated from Drimys winteri (polygodial) and from the East African medicinal plant Warburgia ugandensis (ugandensidial and warburganal).
Another very important group of drimanes are those related with the long prized ambergris, due to its fragrance properties. The trade mark ambrox corresponds to a cyclic ether with a trans decalin skeleton, which has been used as a synthetic substitute for ambergris. Drimenol has been the recurrent chiral starting material for ambergris-related compounds. Some total syntheses related to drimenol were analyzed here, in these cases drimenol was always obtained through a biomimetic cyclization of all trans farnesol. The revision realized permits to conclude that drimenol is a unique synthon that has been used to prepare a wide variety of biologically active natural compounds as well as an important number of synthetic derivatives, mostly with the objective of resembling or discovering new activities.
